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SPACE FLIGHT CENTER

Dieter H. Hartmann
Second of NASA's great observatories:

. .. a8
Study the sky in the 30 keV to 30 GeV. Clemson Un|Ver5|ty ‘%

® Launched aboard Space Shuttle

, , The 9 year CGRO science harvest:
Atlantis (STS-37) on April 5, 1991.

back to the future of gamma-ray astronomy

® Deorbited and re-entered the
Earth's atmosphere on June 4, 2000. COMPTON OBSERVATORY INSTRUMENTS

A 17 ton discovery machine: the <1

heaviest scientific payload flown. Carer

Burst And Transient Source Experiment (BATSE) Swift
Oriented Scintillation Spectrometer Experiment (OSSE) INTEGRAL
Imaging Compton Telescope (COMPTEL) INTEGRAL

Energetic Gamma Ray Experiment Telescope (EGRET) Fermi

Each instrument sensitivity better by X 10



Gamma-Ray Astronomy:
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The Com]oum Harvest:
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X- and gamma-ray spectra of Cyg X-1 in soft ("high") and hard ("low") spectral
states as measured by COMPTEL (MeV), OSSE (sub-MeV) and BeppoSAX (X-ray)
instruments. Spectral fits : hybrid thermal/nonthermal Comtonization model.



The GRB Debate (95) P L -
- Shapley-Curtis 1920 - :
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Long Duration GRBs Short Duration GRBs
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Flux (photons - cm 2 s MeV'1)
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The era of physical
models for prompt
emission, begun
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EGRET All-Sky Map Above 100 MeV

Is the inner galaxy GeV excess
due to DM annihilation?

. Dixon, DH, E. Kolaczyk 1997 EGRET



New Millisecond Radio Pulsars Found in Fermi LAT Unidentified Sources

DM annihilation in the central Milky Way?

J1231-14

J1302-32

J1810417
J1514-49 J1103-53
o (e)

Unresolved MSPs can explain PTA: B s -

J1747-40

J2302+44 o J0614-33

the FermiGeV excess data !

.52 J0100-64
J0023+09 JeAt%2 o)
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O Led by Fernando Camilo (Columbia Univ.) using Australia’s CSIRO Parkes Observatory

O Led by Mallory Roberts (Eureka Scientific/GMUINRL) using the NRAO's Green Bank Telescope
Led by Scott Ransom (NRAO) using the Green Bank Telescope

O Led by Ismael Cognard (CNRS) using France's Nangay Radio Telescope

o Led by Mike Keith (ATNF) using Parkes Observatory

- : o

Wayvelet transformation

Lee et al. 2016




Diffuse 1.809 MeV line
COMPTEL legacy map
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Steady state: M,g 5y = SNR * M *

~ 10210%Mg 10°

N
Best indicator of

mean galaxy wide

SFR: few Mg/year
—

Predicted 1977
Ramaty & Lingenfelter
Discovered 1984
Mahoney+ HEAO-3

Astronomy with
Radioactivities

Static H/He-shell .b
= WR winds

& explosive Ne/C b.
<Yield>"~ 10* Mg



2518 °OFe map

Coproduced in massive stars:
Static He-shell b. s-process

N needed

RHESSI: Smith 2005
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OSSE 511 keV Model Distribution
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Explosive Si burning: Looking
deep into a dying massive star

Shell-Structured Gravitational Supernova

Evolved Massive. Star Core Collapse =1 Shock Wave
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Cas A (age 33? yrs) 1033.051 -
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Grefenstette+ 2014, Nature

NuSTAR Asymmetric ejecta
flows — constraints on
explosion mechanisms

Neutrino driven ccSN: MPA team



Log,, Luminosity (erg s”)

40

How do supernovae “Nogpy | “Cogp | e
stay bright for so long? T
30 |— e Yy izsiev
254Cf (B2FH: 1957) P 56N sk Day 50 |
F Day 75
r Day 100
38
37
36 ........ -:-" -
“Na ™3 =
35 ! ! , A
500 1000 1500 2000 2500 3000

Time (days)



Diagnosing
SNIa models
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Number of SNIa per 10 yrs

*5Co 847 keV flux [cm-2 S-l]
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| Time integrated escape SED [The Cosmic Gamma-Ray Background }
i X/y-SED per 56Ni nucleus, * SO \ |
oo integrated over 600 days 13 N fe i |
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Radi Opteal  X-Ray Gamma Ray
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Surface magnetic field (Gauss)
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The Future of MeV Time Domain Astrophysics
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